A series of 6,7,8,10-tetrahydropyrimido[5,4-b]quinolin-2,4,9-(1H,3H,5H)-triones 6 were synthesized through one-pot condensation of 5-aminouracil, aldehydes and dimedone in DMF under microwave irradiation without catalyst. The products 6a, d were oxidized to the 7,8-dihydro-pyrimido-[5,4-b]quinolin-2,4,9-(1H,3H,6H)-triones 11a, b. Treatment of 6a, d and/or 11a, b with ethyl iodide in the presence of anhydrous potassium carbonate gave the ethylated derivatives 12a, b and 13a, b, respectively. The structures of the products were confirmed by elemental analyses, IR, MS, 1 H, and 13 C NMR spectra.
Introduction
Multi-component reactions (MCRs) play an increasingly important role in organic and medicinal chemistry for their convergence, productivity, ease of execution, excellent yields, and broad applications in combinational chemistry [1 -8] . Therefore, most of the scientific efforts have been focused on the development of multi-component procedures to prepare diverse heterocyclic compound libraries [8] . The microwave-assisted organic synthesis has been a topic of continued studies as it could lead to higher yields of pure products, easier operation and shorter reaction times as compared to the traditional heating methods [9 -13] . Pyrimidoquinoline derivatives are important compounds because of their biological properties, which are known to depend mainly on the nature and position of substituents, and include antimalarial [14, 15] , anticancer [16] , antimicrobial [17] and antiinflammatory activities [18] . Recently, a number of reports have appeared in the literature revealing several methods for the preparation of pyrimido [4,5-b] quinolines [19 -25] . In view of the above-mentioned findings, and following our recent work on the synthesis of polyheterocyclic systems [26 -36] , we report a convenient and efficient method for the synthesis of novel pyrimido- [5,4-b] quinolin-2,4,9-triones of the expected biologi-0932-0776 / 08 / 1200-1431 $ 06.00 c 2008 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com cal activity using 5-aminouracil as a building block under a variety of conditions.
Results and Discussion
A facile three-component one-pot cyclocondensation takes place between 5-amino-uracil (1), benzaldehyde derivatives 2 and dimedone (3) without catalyst in DMF affording 6,7,8,10-tetrahydropyrimido [5,4-b] quinoline-2,4,9-(1H,3H,5H)-triones 6a -f (Scheme 1). Equimolar amounts of starting compounds 1, 2 and 3 were irradiated in a domestic microwave oven to give compounds 6a -f which were isolated in excellent yields (method A, 70 -95 %, Table 1 ). In all cases the reactions gave a single product as indicated by TLC, which could be fully characterized by analytical and spectroscopic data. Regarding the heterocyclic unit, for example, compound 6a exhibits an IR spectrum with strong absorption bands at 3295 and 3106 cm −1 , belonging to stretching vibrations of the NH group, and carbonyl absorption bands at 1709 and 1657 cm −1 . Its 1 and 2.65 ppm corresponding to the diastereotopic CH 2 groups at positions 6 and 8, respectively, in addition to the multiplet signals for phenyl protons and singlets for the two methyl groups. The 13 C NMR spectrum also agreed with the proposed structure 6a. The mass spectrum of 6a exhibited a molecular ion peak at m/z = 337.07 (79 %); loss of a phenyl group gave the base peak at m/z = 260.04 (100 %), and other significant peaks were as expected. Both the mass spectrum and elemental analysis established the molecular formula of 6a as C 19 H 19 N 3 O 3 .
The formation of isomeric tricyclic systems 6 and 7 is possible in these reactions. The support for the linear structures of 6 was provided from 1 H NMR spectra in particular with respect to the chemical shift of the resonances for 5-NH and 10-H [37, 38] . The fact that 5-NH and 10-H are not coupled is an evidence for the linear structure 6 and allowed us to discard the angular structure 7. In the latter one, coupling between the methine proton and NH is to be expected.
Conclusive evidence for the structure assigned for 6a was obtained from a single crystal X-ray structure determination, which displays the linear tricyclic structure [39] .
The molecular formula of compounds 6b -f is supported by elemental analyses, and in the mass spectra all products 6 exhibit similar behavior in their fragmentation, showing the molecular peak along with a typical loss of the aryl group which gives the base peak. The IR, 1 H NMR as well as the 13 C NMR spectra agreed with the proposed structures 6b -f.
Additionally, to demonstrate the purely nonthermal microwave effects, we used the classical heating conditions in the conventional method (B) , and compared it with the microwave irradiation method (A). The results listed in Table 1 showed the specific activation of this reaction by microwave heating. Simultaneously, the reaction time was strikingly shortened to minutes from hours required under traditional heating conditions, and the yields obviously were increased, too. The difference in yields (MW > classical heating) may be a consequence of both thermal effects and specific effects induced by the microwave field [11, 40] .
In Scheme 1, we postulate a mechanism for the cyclocondensation between 1, 2 and 3, to provide pyrimido [5,4-b] quinolines 6. This reaction may occur via a condensation, addition, cyclization, elimination mechanism. Firstly, we assume that the initial step is a Knoevenagel condensation between 2 and 3, resulting in the adducts 4, which undergo a Michael addition of the aminouracil (1) to the C=C bond of 4. The Michael adducts 5 undergo a cyclocondensation reaction through the amino and carbonyl groups with elimination of a molecule of water to render compounds 6. The structure of the pyrimidoquinolines 6 was further supported by an alternative synthesis. Thus, the two component condensation of 1 and arylidene derivatives [41, 42] 4a, b, e in equimolar proportions in DMF under standard conditions also afforded 6a, b, e (Scheme 1).
However, other reaction pathways cannot be ruled out. One of these includes initial formation of Schiff base 8 via reaction of 1 with 2 (Scheme 2), and the other involves possible formation of enaminoketone 10 by condensation of 1 with 3 (Scheme 3). To check this possibility we first synthesized the Schiff base 8a, b by reaction of equimolar amounts of the corresponding aldehyde 2b, d and 1 in DMF. The structure of 8 was deduced on the basis of analytical and spectral data. Compounds 8a, b were brought into reaction with dimedone (3) in DMF under standard conditions. As a result, we isolated only pyrimido [5,4- 
No alternative products like 7 were detected. The formation of 6 may have taken place through addition of dimedone to the C=N unit of the Schiff base 8 to form the adduct 9. Subsequent elimination of the 5-aminouracil moiety, rather than cyclization to the pyrimido[5,4-c]isoquinoline-2,4,7-trione 7, afforded the adduct 4, which on reaction with 1 gave 6. Therefore, Schiff bases 8 act in this reaction as synthetic equivalents of aldehydes (Scheme 2).
Enaminoketone 10 was obtained by reacting 3 with 1 in DMF (Scheme 3). Its structure was established on the basis of analytical and spectral data. Refluxing a mixture of equimolar amounts of 10 and 2a, b in DMF for 45 -50 h resulted in the formation of 6a, b (Scheme 3). According to TLC data, under these conditions compound 10 very slowly decomposes to the initial amine 1 and dimedone 3. Thus, the formation of compound 6 through the enaminoketone intermediate 10 seems to be improbable, and a mechanism as shown in Scheme 1 is more likely.
To test the reactivity of compound 6 towards oxidation, we heated 6a, d in refluxing DMF without an oxidizing agent. The reaction proceeded after a long time of refluxing (90 -120 h) to give 7,8-dihydro-pyrimido- [5,4-b]quinoline-2,4,9(1H,3H,6H)-triones 11a, b in excellent yields as a result of air oxidation of 6 (Scheme 4). The structure of the products 11a, b was confirmed by elemental analysis and spectral data. The disappearance of signals for 10-H and 5-NH in the 1 H NMR spectra indicated that only these protons were removed from 6a, d.
We also studied the alkylation of 6a, d and 11a, b with ethyl iodide. The reactions were carried out at r. t. in DMF and in the presence of anhydrous potassium carbonate to afford the ethylated derivatives 12a, b and 13a, b, respectively (Scheme 4). The structure of the products was proved by elemental analysis and spectral data. These compounds are not the O-ethylation products. The IR spectra of the products contain bands around 1699 -1701 cm −1 , characteristic of carbonyl absorptions, and the 1 H NMR spectra revealed that the alkylation occurs only at the N-1 and N-3 atoms. Thus, the 1 H NMR spectra of compounds 12a, b and 13a, b contained signals from the N 1 CH 2 (δ = 3.48 -3.80) and N 3 CH 2 protons (δ = 4.06 -4.17 ppm). Furthermore, the fragmentation patterns of the mass spectra of 12a and 12b showed the molecular ion peak at m/z = 393 (M + , 21 %) and m/z = 461 (M + , 13 %), respectively, along with peaks arising from the typical loss of the aryl group as the base peak at m/z = 316 (100 %) which is in good agreement with the assigned structure. Further confirmation of the structure of 13a, b was obtained by comparison with an authentic sample prepared by refluxing 12a, b in DMF for 72 -90 h which showed agreement in elemental analysis, m. p., and 1 H NMR data.
In conclusion, we have demonstrated very convenient procedures for the syntheses of pyrimido-[5,4-b]quinolin-2,4,9-triones. In the light of its operational simplicity, simple purification procedure, excellent yields, and reduced environmental impact as well as increased safety for small-scale high-speed synthesis, this protocol is superior to the existing methods.
Experimental Section

General procedures
Melting points were measured with a Gallenkamp apparatus and are uncorrected. The reactions and purity were monitored by thin layer chromatography (TLC), on aluminum plates coated with silica gel with fluorescent indicator (Merck, 60 F254) using CHCl 3 /CH 3 OH (5 : 1) as eluent. Microwave irradiation was carried out using a commercial microwave oven (KOR-131G, 1350 W). The infrared spectra were recorded on a Jasco FT/IR-450 Plus spectrophotometer. The NMR spectra were obtained on a JHA-LAA 400 WB-FT instrument (400 MHz for 1 H NMR, 100 MHz for 13 10-aryl-7,7-dimethyl-6,7,8,10-tetrahydropyrimido [5,4-b] 
Synthesis of
quinolin-2,4,9(1H,3H,5H)-triones 6a -f
Method A: A mixture of 5-aminouracil (1) (1 mmol), the appropriate benzaldehyde derivative 2 (1 mmol) and dimedone (3) (1 mmol) was placed in an open Pyrex-glass vessel and irradiated in a domestic microwave oven with 600 W power for 60 -130 seconds (TLC control) using DMF (1 mL) as energy transfer medium. The resulting solid was left to cool to r. t., and the solid product was then collected and crystallized from ethanol (Table 1) .
Method B: Equimolar amounts of 1, 2 and 3 in DMF (3 mL) were refluxed for 2 -6 h (TLC control). The solvent was evaporated under vacuum, and the product obtained was recrystallized from ethanol (Table 1) . 
7,7-Dimethyl-10-phenyl-6,7,8,10-tetrahydropyrimido[5,4-b] quinoline-2,4,9(1H,3H,5H)-trione (6a)
An alternative synthesis of 6a, b, e
A mixture of 1 (1 mmol) and 4a, b, e (1 mmol) was placed in an open Pyrex-glass vessel and irradiated in a domestic microwave oven with 600 W power for 50 -90 s using DMF (1 mL) as energy transfer medium. The resulting mixture was left to cool to r. t., and the solid product was then collected by filtration and crystallized from ethanol (yield 6a: 92 %, 6b: 94 %, 6e: 91 %).
Synthesis of Schiff base 8a, b
Method A: A mixture of 1 (2 mmol) and 2b, d (2 mmol) was placed in an open Pyrex-glass vessel and irradiated in a domestic microwave oven with 600 W power for 60 -70 s using DMF (1 mL) as energy transfer medium. The resulting mixture was left to cool to r. t., and the solid product was then collected and crystallized from DMF.
Method B: A solution of 1 (2 mmol) and 2b, d (2 mmol) in DMF (3 mL) was refluxed for 2 h. The mixture was cooled to r. t., the precipitate was filtered off and recrystallized from DMF. 
(E)-5-(4-Chlorobenzylideneamino)pyrimidine-2,4(1H,3H)-dione (8a)
Alternative synthesis of 6b, d
Method A: A mixture of 3 (1 mmol) and Schiff base 8a, b (1 mmol) was placed in an open Pyrex-glass vessel and irradiated in a domestic microwave oven with 600 W power for 120 s using DMF (1 mL) as energy transfer medium. The resulting mixture was left to cool to r. t. and the solid product was then collected by filtration and crystallized from ethanol (yield 6b: 85 %, 6d: 91 %).
Method B: A mixture of 3 (1 mmol) and Schiff base 8a, b (1 mmol) in 3 mL of DMF was refluxed for 3 h. Products 6b, d were isolated as described above; yield 75 and 81 %, respectively.
Synthesis of 5-(5,5-dimethyl-3-oxo-cyclohex-1-enylamino)-1H-pyrimidine-2,4-dione (10)
Method A: A mixture of 1 (2 mmol) and 3 (2 mmol) was placed into a open Pyrex-glass vessel and irradiated in a domestic microwave oven with 600 W power for 240 s (TLC control) using DMF (1 mL) as energy transfer medium. The resulting mixture was left to cool to r. t., and the solid product was then collected and crystallized from DMF.
Method B: A mixture of 1 (1 mmol) and 3 (1 mmol) in 5 mL of DMF was refluxed for 50 -60 h. Product 10 was isolated as described above. Pale-yellow crystals [ 
Alternative synthesis of 6a, b
A mixture of 1 mmol of 10 and 1 mmol of 2a, b in 5 mL of DMF was refluxed for 45 -50 h. Products 6a, b were isolated as described above; yield 68 and 71 %, respectively.
Synthesis of 10-aryl-7,7-dimethyl-7,8-dihydro-pyrimido[5,4-b]quinoline-2,4,9(1H,3H,6H)-triones 11a, b
A solution of 2 mmol of 6a, d in 10 mL of DMF was refluxed for 90 -120 h. The solvent was evaporated under vacuum, and the product obtained was recrystallized from acetone.
